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Abstract 
The objective of this study was to determine whether various sources of roughage in nutritionally 
balanced feedlot diets would evoke a stress response in sheep. A nutritional stress response test was 
performed on 20 ewes, randomly divided into four treatment groups with 5 ewes per group. Ewes were kept 
individually in metabolic crates for thirty days. Rations were balanced nutritionally, and various sources of 
roughage were included; T1: alfalfa hay, T2: maize stover, T3: soya hulls; and T4: Eragrostis tef. Faeces was 
removed manually from the caudal rectum of each ewe at 05h00 and 19h00. Samples were frozen at -20°C 
until analyses. A total of 520 faecal samples were analysed to determine the concentrations of faecal 
glucocorticoid metabolites (fGCM) by enzyme immunoassay (EIA). These concentrations were expressed as 
mass/g dry weight (ng/g DW). Baseline values were determined, and those greater than the mean plus 2 
standard deviations were removed. Baseline values were compared between the groups with one-way 
ANOVA analysis. The average concentrations of fGCM were 178.77 ± 21.7 in the morning and 183.2 ± 14.4 
in the evening. Sheep fed T4 had significantly higher fGCM concentrations in both morning (302.0 ± 86.1 
ng/g DW) and evening (237.0 ± 48.1 ng/g DW) compared with the other treatment groups. Thus, fGCM 
concentrations in sheep were related to the source of roughage, and Eragrostis tef caused a stress 
response.  
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Systems of mutton production in South Africa include extensive and intensive practices. Pasture 
conditions in extensive conditions often expose sheep to harsh habitats, hazardous environmental and 
climatic conditions and hot temperatures (Abecia et al., 2006; Corson et al., 2007). As a result of these 
challenging environmental conditions, producers are turning towards intensive production, which is 
characterized by a closed system of feeding pens or feedlots. This practice requires large amounts of labour 
and capital input relative to land area to keep the animals healthy while production performance is enhanced 
(Morand-Fehr et al., 2007). The stocking density is high, and farmers use cultivated pastures.  
Roughages are included in a nutritionally balanced diet through proper feed formulation. The fibre 
quality of a roughage influences the digestibility and feed conversion ratio (FCR) of a diet. Alfalfa is a high-
quality fibre source, which makes it an ideal nutritional feed source for sheep (Doran et al., 2007). Maize 
stover is the by-product that remains after harvesting maize. It is often used as livestock feed during the dry 
season. Its quality may differ owing to variations among maize genotypes (Ertiro et al., 2013). But its high 
fibre and low nitrogen content make maize stover less nutritious, unless animals are supplemented with 
nitrogen (Manyuchi, 1994). Soybean hulls are a by-product of soybean seeds after oil extraction. Soybean 
meal guarantees maximum protein of 44% to 48% and 0.5% fat (McEllhiney, 1995) after oil extraction. For 
this reason, soybean hulls are a good source of energy in diets that are more forage based. Teff (Eragrostis 
tef (Zuccagni trotter)) is known for its quality, high yield and ability to grow faster than other crops (Zeid et al., 
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2011). It is used mostly as forage production in areas that are dry and have short rain seasons (Kaholongo, 
2016). Today, teff is grown mainly for hay, particularly in South Africa, Australia and the USA (Miller, 2010). 
Intensive production systems prevent sheep from grazing naturally. Sheep are naturally selective 
grazers and some breeds are more selective than others. For example, Dorper sheep are less selective than 
Merino-type breeds (Brand, 2000). Feedlot production restricts the normal selection behaviour of sheep, 
which are fed formulated diets. Restricting normal behaviour in sheep may evoke a stress response. 
Stress may be defined as ‘the inability of an animal to cope with its environment’. This phenomenon is 
revealed by failure to achieve genetic potential for growth rate, milk yield, disease resistance and fertility 
(Bayazit, 2009). Stress may be described in biological terms as a response that is elicited when an individual 
is under threat (Engelmann et al., 2004). An individual will attempt to counter stress through behavioural 
responses or unconscious adaptations via physiological and biochemical mechanisms (Bashaw et al., 2016). 
However, there are individual differences in behaviour and in the ways in which livestock species respond to 
stressful situations. It is important to understand not only herd differences, but also individual animal ones 
(O’Neill, 2019). Stress experienced by sheep cannot be avoided and forms part of normal management 
practices (Dwyer, 2009). The hypothalamic pituitary adrenal response is an evolutionary mechanism that 
enables an individual to return to homoeostasis. Whereas short-term stressors and the physiological 
consequences may be desirable in some cases, chronic stress has a negative impact on production 
efficiency, that is, the suppression of normal oestrus behaviour and reduced ewe fertility (Marai et al., 2007).  
Researchers have attempted to measure stress and stress responses in animals for many years. 
Three main methods are used to measure stress in sheep: i) observing overall body condition, ii) analysing 
physiological responses such as cortisol concentration, and iii) observing general behavioural changes 
(Weary et al., 2006; Gougoulis et al., 2010; Kruger et al., 2016). Sheep are known to be stoical creatures 
and do not always reveal discomfort or distress that is experienced physically or behaviourally. Close 
observation is important in identifying stress in sheep.  
Glucocorticoids (GC) are a class of steroid hormones that bind to the glucocorticoid receptor, which is 
present in almost every vertebrate animal cell (Royo et al., 2004). The GC are part of the feedback 
mechanism in the immune system that inhibits access of leukocytes to a site of inflammation (Möstl & Palme, 
2002; Von der Ohe & Servheen, 2002). Glucocorticoids have diverse effects, including potentially harmful 
side effects (Pihl & Hau, 2003). Stress increases the GC concentrations in the blood of mammals, making 
blood an obvious matrix to evaluate stress responsiveness (Tuli et al., 1995). Circadian cycles control 
adrenocortical responses after a stressful event (Przekop et al., 1985; De et al., 2017). The effect of the 
circadian rhythm on cortisol patterns should be considered carefully in stress assessments and use of a 
single sample of cortisol per day should be avoided (De Jong et al., 2000). It is preferable to measure 
endogenous cortisol levels over 24 hours (Monfort et al., 1993).  
Unfortunately, capture and restraint of the animal for blood sampling causes it stress. Non-invasive 
methods to determine the concentration of GC or its metabolites are more desirable (Kruger et al., 2016; 
Nemeth et al., 2016; Palme, 2019). Samples that can be obtained using alternative non-invasive techniques 
include faecal, salivary, milk and hair (Siswanto et al., 2008). However, there are many challenges in most 
sampling procedures. Saliva collection means handling an animal, and milk sampling is limited to lactating 
animals (Möstl & Palme, 2002). Faecal and salivary samples present an opportunity for non-invasive 
measurement of corticosteroids and immunoglobulin A (Pihl & Hau, 2003; Touma & Palme, 2005). Faecal 
glucocorticoid metabolite concentrations reflect glucocorticoid production in an animal’s system after a 
certain time. The lag time for fGCM concentration in ruminants is 13 ± 4 hours. Faecal and salivary samples 
are less affected by short-term fluctuations of hormone secretion than blood samples (Touma & Palme, 
2005). 
Foraging involves interaction between the characteristics of the animals and those of the food in the 
environment (Prache et al., 1998). The purpose of this study was to assess whether various sources of 
roughage that were fed to animals in an intensive controlled system would evoke stress responses in sheep. 
 
Methods and Materials 
This study was carried out in accordance with the guidelines of the Ethics Committee (Reference UFS-
AED2017/0031) of the University of Free State, in autumn 2018 at Paradys  xperimental  arm (29  13  
19.78  S, 26  12  26.48   ), which is situated 20 km from Bloemfontein, Free State, South Africa. A total of 20 
South African Mutton Merino (SAMM) ewes, seven months old, and weighing 28 kg on average were 
randomly allocated to one of four treatment groups. These groups consisted of T1 (n = 5): alfalfa hay, T2 (n 
= 5): maize stover, T3 (n = 5): soya hulls, and T4 (n = 5): Eragrostis tef. Rations were balanced nutritionally, 
and various fibre sources were used (Table 1).  
Sheep were kept individually in metabolic crates for thirty days after an adaptation period of eight 
days. Diets were fed ad libitum for the experimental period. At the onset and end of the study, all animals 
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were fasted overnight (minimum of 12 hours) and individual empty stomach bodyweight was recorded the 
next morning. Animals were provided with feed twice daily at 07h00 and at 17h00 during the study. Feed 
troughs were designed/ to determine individual quantities of ingested feed and to minimize feed wastage. 
 
 
Table 1 Physical and chemical composition of four diets including different sources of fibre 
 
Raw materials (% inclusion) 
Dietary treatment 
T1 T2 T3 T4 
         
Maize meal 55.00  55.00  55.00  55.00  
Lucerne 34.97  0.00  0.00  0.00  
Maize stover 0.00  19.53  0.00  0.00  
Eragrostis 0.00  0.00  0.00  21.63  
Citrus pulp 6.89  20.05  17.70  17.94  
Soya oil cake 0.03  0.29  0.00  0.24  
Soya hulls 0.00  0.00  22.85  0.00  
Urea 0.66  2.07  1.43  1.91  
Limestone 0.25  0.72  0.67  0.85  
Ammonium chloride 0.75  0.75  0.75  0.75  
Mono-calcium phosphate 0.70  0.85  0.85  0.92  
Salt 0.50  0.50  0.50  0.50  
Premix 0.25  0.25  0.25  0.25  
Nutrient composition (% DM) 
 
       
Crude protein 14.50  14.50  14.50  14.50  
Metabolizable energy (MJ ME/kg DM) 11.28  11.60  12.19  11.25  
Neutral detergent fibre 22.83  22.83  22.83  22.83  
Acid detergent fibre 15.48  13.85  15.35  12.06  
Ether extract 3.35  3.35  3.35  3.35  
Calcium 0.83  0.83  0.83  0.83  
Phosphorus 0.40  0.40  0.40  0.40  
         
T1: alfalfa hay, T2: maize stover, T3: soya hulls, T4: Eragrostis tef 
 
 
Approximately 20 g faeces were removed manually twice a day A total of 520 faecal samples were 
collected for 14 days and then again at day 30 of the trial. Samples were collected at the same times each 
day at 05h00 - 06:00 and 19h00 - 20h00. Each faecal sample was placed in a sterile glass container with a 
screw lid. Samples were put on ice in a cooler bag and frozen within 30 minutes of collection. Samples were 
kept in a freezer at -20 °C until analyses. 
Laboratory analyses were conducted at the Endocrine Research Laboratory, University of Pretoria 
(Ganswindt et al., 2002). Faecal glucocorticoid metabolite concentrations were measured with an enzyme 
immunoassay (EIA). 11-oxoetiocholanolone was used as a group-specific enzyme detecting immunoassay 
by measuring 11,17-dioxoandrostane (see Palme & Möstl, 1997).  
Frozen samples were lyophilized, pulverized and then sieved through a wire-mesh strainer to remove 
undigested material. Enzyme immune assays were performed on microtiter plates according to Ganswindt et 
al. (2002).  ifty μℓ aliquots of standards (range 1.9 - 500 pg for EA), quality controls and diluted faecal extract 
were pipetted in duplicate into the microtiter plate wells. Then 50 μℓ of EA label was added and the plates 
were incubated overnight at 4 °C. After incubation, the plates were washed four times and 150 μℓ (20 ng) 
streptavidin-peroxidase was added to each well. After incubation in the dark for 30 minutes while shaking, 
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plates were washed again before 150 μℓ peroxidase substrate solution was added. Plates were then 
incubated for 30 - 60 min while shaking. The reaction was terminated by adding 50 μl of 4 normal sulphuric 
acid and optical density was measured at 450 nm. To adjust for variations in water content, faecal hormone 
concentrations were expressed as mass/g DW. The sensitivity of the EIA was 1.2 ng/g faecal DW. The intra-
assay coefficient of variance, which was determined by repeated measurement of high- and low-value 
quality controls, ranged from 3.83% to 4.09% and the inter-assay coefficient of variance ranged from 7.72% 
to 9.59%.  
Baseline values of fGCM concentrations were determined for each group using an iterative process in 
which all values greater than the mean plus 2 standard deviations (SD) were removed (Brown et al., 1999). 
Averages were recalculated and the elimination process was repeated until there were no values greater 
than the mean plus 2 SD. 
For all groups, fGCM data were pooled and differences in hormone concentration levels were 
examined with one-way ANOVA, followed by Tukey test post-hoc analysis. The baseline values from the 
fGCM concentration levels of individual sheep were then compared among all groups. The initial rise, peak 
and fall in fGCM concentration after the introduction of the treatment feed were determined and analysed 
using descriptive statistics. Means and variances of all groups were compared using ANOVA analysis of R 
statistical package and Kruskal-Wallis ANOVA on ranks. The package was also used to detect significant 
differences between the groups according to treatments. For all statistical analyses, significance was 
assumed when P <0.05. 
 
Results and Discussion 
This study formed part of a production trial. Average daily weight gain (ADG) and average daily feed 
intake (ADI) were recorded and used to calculate FCR. There were no significant differences in FCR 
between groups. The experimental diets were comparable and ADI and ADG were not significantly different 
among groups in this study. 
 
 
Table 2 Average (±SE), maximum and minimum faecal glucocorticoid metabolites (ng/g DW) in the morning 
and evening for South African Mutton Merino ewes fed various sources of roughage  
 
 Measurement T1 T2 T3 T4 Average 
      
AM Average 113.10 ± 25.91
a
 153.69 ± 42.30
a
 146.28 ± 35.46
a
 301.99 ± 86.05
b
 178.77 ± 21.69 
 Minimum 21.43 10.85 16.04 18.98 16.83 ± 1.17 
 Maximum 223.07 330.28 296.81 796.62 411.70 ± 67.26 
PM Average 165.73 ± 41.86
a
 169.45 ± 45.86
a
 162.30 ± 34.96
a
 236.98 ± 48.10
b
 183.2 ± 14.38 
 Minimum 15.09 14.76 22.89 48.46 25.30 ± 4.10 
 Maximum 351.47 385.89 311.95 442.94 373.07 ± 14.34 
       
T1: alfalfa hay, T2: maize stover, T3: soya hulls, T4: Eragrostis tef 
a,b
 Within a row values with a common superscript do not differ at P =0.05 
 
 
Average morning fGCM concentration ranged from 113.10 ± 25.91 ng/g DW (T1) to 301.99 ± 86.05 
ng/g DW (T4). Average evening fGCM concentration ranged from 162.30 ± 34.96 ng/g DW (T3) to 236.98 ± 
4810 ng/g DW (T4). Pooled average morning fGCM concentration was 178.77 ± 21.69 ng/g DW and evening 
fGCM concentration was 183.2 ± 14.38 ng/g DW. Overall, there were no significant differences in fGCM 
concentrations of samples collected in the mornings compared with those collected in the evening (Table 2). 
This contrasts with the patterns observed in cattle (Touma & Palme, 2005) and buffaloes (Ganswindt et al., 
2012). Ganswindt et al. (2012) demonstrated that glucocorticoids have circadian rhythm and diurnal 
differences, which classifies ruminants as diurnal animals with activity peaking during the day. The lag time 
for fGCM was about 13 hours. Thus the time of sampling is a reflection of the situation about 13 hours earlier 
(Touma & Palme, 2005). T4 was an exception, with higher fGCM levels on average in the mornings (301.99 
± 86.05 ng/g) compared with the evenings (236.98 ± 48.10 ng/g), but the reason is not clear. High variations 
in data indicate a possible sampling error and may be a result of small sampling groups. 
There were no significant differences for fGCM between T1, T2, and T3 for mornings and evenings. 
Faecal glucocorticoid metabolite concentration for T4 was significantly higher (P <0.05) in the morning and 
the evening compared with T1, T2, and T3. Preventing animals from grazing selectively and feeding a 
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roughage source that consisted mainly of teff evoked a stress response in sheep. In comparison, the 
voluntary intake of a teff only diet was lower. It was suggested that an optimum level of condensed tannin 
sources must be fed to sheep to improve feed intake and growth performance (Kaitho et al., 1997). Santhi et 
al. (2017) suggested that parasitized animals have the ability to self-medicate because ingested plant 
phenolics, mainly tannins, reduce strongyle nematode infections in mammalian herbivores.  
 
Conclusion  
This study confirmed that fGCM measurement offered a practical alternative for investigators to 
monitor adrenocortical activity in sheep non-invasively. Eragrostis tef induced physiological stress in sheep 
that were not able to graze naturally. Other roughage sources must be fed to feedlot animals in conjunction 
with teff to ensure voluntary food intake and production efficiency. This study opened an avenue for further 
research on fibre preferences and animal health. In future, more research must be done on the natural 
selection of roughage sources and its provision in a feedlot diet because teff evoked a stress response. The 
ability to measure fGCM in SAMM sheep reliably with a non-invasive method would give a firm basis for 
further examination of physiological responses to stressful circumstances in commercially reared sheep. 
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